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Abstract
During the 1990s, member countries of what is now called the European Union (E.U.) have aggressively promoted the expansion of gridconnected, non-hydro renewable-electric generation. Driving this promotion is a recognition that renewables play a strategic role in increasing energy security and energy diversity, providing economic stimulation and meeting environmental commitments to reduce atmospheric pollution and greenhouse gas emissions. The success of E.U. member country efforts is apparent in the increase of more than 200% in the installed base of nonhydro, renewable-electric generating capacity between 1990 and 1998. These efforts have substantially reduced the existing gap between installed renewable capacity in the United States and the E.U.
The dramatic increases in non-hydro renewable generating capacity within the E.U. may be partially explained by the current portfolio of policies that promote the domestic development and deployment of renewable-electric generation technologies. These policies are aimed at reducing the cost of renewable technologies, which remains a major barrier to their expanded use, and at reducing market risks by making investments in renewable technologies more favorable relative to conventional electric generation options.
Examination of the policy incentives responsible for the increase in renewable generating capacity yields the following observations:
• The most commonly applied policies use research and development.
• With the exception of Luxembourg, all E.U.
countries provide public support for renewable energy technology research, development, and demonstration.
• Significant deployment advances have occurred where preferential feed-in tariff rates or competitive market bidding requirements have been mandated.
• Consumer education programs also promote public support for renewables.
• The most successful countries use a fully integrated suite of policies.
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I. Introduction
Recognizing the variety of benefits attributable to renewables, member countries of what is now called the European Union (E.U.) 1 have aggressively promoted grid-connected, non-hydro renewable-electric technologies during the past decade. Driving this commitment is the recognition that renewables have a strategic role in increasing the E.U.'s energy security moving away from gas and oil imports; providing economic benefits to local and regional economies and through renewable technology export opportunities; and meeting environmental commitments to reduce atmospheric pollution and greenhouse gas emissions. The E.U.'s efforts to develop and deploy renewable technologies have resulted in an increase of more than 200% in the installed base of non-hydro renewable-electric generating capacity between 1990 and 1998.
Renewable-electric generation growth has been achieved through a mix of policy measures and actions. Although varying widely in implementation among the E.U. member countries, the most commonly used policy measures include:
• Direct government investment in renewable technology development through research, development, and demonstration programs • Government incentives to facilitate technology deployment.
The latter include such policy tools as commercialization incentives designed to lower the capital cost of renewables through loans, tax credits, grants, and subsidies; production incentives such as preferential feed-in rates for purchase of renewable electricity production; competitive market bidding; and consumer education and outreach.
Complementary actions to encourage renewables deployment have also been proposed at the E.U. Commission level. For example, nonbinding targets have been established which, if achieved, will more than double the E.U. share of primary energy produced by renewable sources to 12% by 2010 and in the electricity sector increase the renewables share of electricity production from 14% to 24% in 2010. The resulting decrease in carbon dioxide (CO 2 ) emissions from the electricity sector is an important component in the overall E.U. plan for meeting the Kyoto target. 2 The purpose of this Topical Issues Brief is threefold: first, to examine recent trends in the deployment status of renewable-electric technologies in the E.U. relative to the U.S.; second, to review and summarize several of the key E.U. policy measures that collectively appear to be linked to renewable development and deployment success; and third, to present several summary observations that provide "lessons learned." This brief will focus primarily on nonhydro renewables. The hydroelectric market share of electric generation in both the U.S. and E.U., while large in contrast to non-hydro renewables, is not expected to have much growth due to environmental, regulatory, and developmental constraints. Accordingly, policy issues are different from those affecting nonhydro renewables. Being less mature and often more expensive than conventional fossil generation, non-hydro technologies require a full range of government support and incentives to successfully penetrate the marketplace in significant quantities.
II. Status of Non-Hydro Renewables in the European Union and the United States
Examining installed, grid-connected generating capacity data, three immediate observations are clear. First, during the 1990s, non-hydro renewable-electric generation capacity has grown much more rapidly in the E.U. than in the U.S. Second, most of the growth in the E.U. is due to an increase in wind and biomass installations-wind primarily in Germany and biomass in Italy and Sweden.
Third, the number of countries that obtain a greater share of generating capacity from non-hydro renewables than does the U.S. has increased: eight countries today versus only one in 1990. Figure 1 indicates that although the E.U. total amount of installed, non-hydro renewableelectric generating capacity remains lower than but close to that of the U.S., its growth rate during most of this decade has been significantly higher. For example, during the past 8 years, installed, non-hydro capacity in the U.S. has grown by roughly 20% while in the E.U. it has increased by more than 200% (see Appendix A). This growth is primarily attributable to increases in installed wind and biomass capacity.
Wind-generating capacity has increased at an average annual rate of 40% during the last 8 years with Germany setting the pace installed wind capacity has grown from 28 megawatts (MW) in 1990, to 2,000 MW in 1997, to an estimated 2,800 MW in 1998. 3 The huge leap in wind capacity additions has 1990 1991 1992 1993 1994 1995 1996 1998 1990 1991 1992 1993 1994 1995 1996 1998 Capacity (GW)
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Est. allowed Germany to overtake the U.S. as the world leader in wind generation capability. Wind capacity is also growing rapidly in Denmark, Spain, and the United Kingdom.
The growth in biomass electric generation capability has also been significant, amounting to nearly 3,400 MW during the last 8 years-roughly doubling the existing capacity base. The cumulative growth of Germany and Denmark's wind generation capacity, and Sweden and Italy's biomass capacity, accounted for nearly half of all grid-connected renewable additions in the E.U. between 1990 and 1998.
In a number of E.U. member countries, the percentage share of total grid-connected generating capacity from non-hydro renewables contribution has also expanded dramatically during this decade. Figure 2 shows the estimated percentage of installed electric generating capacity from non-hydro renewables by country and technology for 1998. Eight countries (Denmark, Finland, Germany, Ireland, Italy, the Netherlands, Portugal, and Sweden) have higher percentage contributions (2.2% to 14.9%) than the U.S. does (2.1%). In 1990, only Denmark had a higher percentage contribution.
III. European Union Policies to Promote Development and Deployment of Renewable-Electric Technologies
The dramatic increase in non-hydro renewable generating capacity in the E.U. may be partially explained by the portfolio of policies that promote renewable-electric generation technologies. These policies are aimed at reducing the cost of renewable technologies, which remains a major barrier to their expanded use, and at reducing market risks by making investments in renewable technologies more favorable relative to conventional electric generation options. Member countries do not 
Figure 2. Non-Hydro Renewables as Percentage of Electric Generating Capacity (1998)
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4 implement all of the policies in the same manner or to the same degree, and not all are implemented as part of an integrated set, or portfolio, of policies. This is an important consideration because the degree of consistency between programs and policies may affect the penetration of renewables into the market. The following section addresses what appear to be the most commonly used policies.
Investments in Renewable Technology
The amount of government funding for renewable energy research, development, and demonstration (RD&D) varies greatly over time and across countries. For example, the U.S. government's commitment to fund renewable energy technology RD&D reached a low in 1990 and has risen modestly in the 10 years since.
In 1980, U.S. federal support for nonhydro renewable energy RD&D amounted to $1.2 billion, about three times that of the total combined funding from member countries of the E.U. (see Appendix B). However, by 1996 (the last year available for published International Energy Agency [IEA] statistics) the amount had dropped below $300 million, about the same level as the combined funding of E.U. member countries. Increased private RD&D investment has not compensated for the decline in U.S. federal funding, as would generally be expected in a more mature and profitable industry. The falloff in U.S. funding also coincides with a decrease in domestic development. Both declines are symptomatic of a lack of national commitment to the development and deployment of renewable energy technologies.
The importance placed on renewable technology RD&D by E.U. member countries is indicated by its widespread support. With the exception of Luxembourg, which has no RD&D budget, all of the other member countries support this policy measure to some degree. As illustrated in Figure 3 , which compares a 1-year (1996) snapshot of RD&D investment per unit of gross domestic product (GDP) for member countries and the U.S., five countries (Denmark, Finland, the Netherlands, Germany, and Sweden) had greater per GDP investments in renewables than the U.S. These countries also had greater percentages of renewable generating capacity than the U.S. 4 In addition to a wide variation in renewables RD&D funding among E.U. countries, the technologies supported also vary. 
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For example, photovoltaic (PV)-electric RD&D receives the largest funding in four countries (Belgium, Germany, Italy, and the Netherlands). The major investors in wind are Germany, Denmark, and Italy, together accounting for more than three-quarters of the total E.U. member countries' expenditures in this area. Biomass RD&D is dominated by Italy and Switzerland; geothermal is mostly supported by Switzerland and Germany; and solar thermal is supported by Spain, which invests more than 50% of its RD&D budget in this area.
The programs of the E.U.'s individual member states are supplemented by activities carried out by the European Commission itself for the benefit of member countries, primarily through the non-nuclear energy JOULE-THERMIE programs. Renewable energy is one of four areas supported by these programs (other areas include energy strategy, rational use of energy, and fossil fuels). Both programs require cost sharing of as much as 50% and are targeted at improving the security of the energy supply, protecting the environment by reducing the negative impact of energy use (in particular the emissions of CO 2 ), and encouraging the rational use of energy.
The JOULE program is research and development (R&D) oriented whereas the THERMIE program primarily funds demonstration projects involving innovative clean-energy technologies as well as information dissemination, training, and outreach. Under the non-nuclear energy JOULE and THERMIE programs for 1995-1998, the largest tranche of funding is for renewable energy-about 44%, representing roughly 460 million ECU ($530 million U.S.). This funding is projected to increase slightly to 480 million ECU ($550 million U. Wind energy has been one of the major renewable-electric technologies supported by the THERMIE program. Between 1983 and 1997, about 240 wind demonstration projects, representing roughly 64 MW, have been funded in the amount of $102 million ECU ($118 million U.S.). As expected, companies from Denmark have been the most active participants, followed by companies from Germany, France, and the United Kingdom.
European Union Incentives to Promote Deployment and Commercialization
As a complement to RD&D policies, E.U. countries employ a variety of policy measures to lower the cost of renewable-electric technologies to competitive levels, reduce financial risks, and further stimulate and condition the marketplace. These tools include commercialization incentives, production incentives, and consumer education.
Commercialization Incentives: Direct, government-funded subsidies are widely used by E.U. member countries to defray the higher, upfront capital costs of renewable-electric technologies. These measures include grants, low-interest loans, and tax incentives. The most prevalent of these measures, provided by almost every member of the E.U., are capital grants targeted to specific renewable energy technologies. Currently, most grants appear to be for PV systems. Ranging from less than 10% of capital costs in the United Kingdom to 90% of the capital cost for certain grid-connected PV systems in France, the average grant falls within the range of 40% to 60% for most countries. 5 Grants are also available for other renewableelectric technologies, including small-scale hydro and geothermal (30% of capital costs in Spain), wind (as much as 25% of capital costs in Germany), and biomass (as much as 30% capital costs in Italy).
Below-market rate loans are also a commonly used mechanism to finance construction of renewable-generation projects. In Austria, 4.5%, 15-year loans are available for agriculture cooperatives to stimulate biomass power development. In Germany, special investment assistance is available through the Deutsche Ausgleichsbank in the form of loans at rates 1%-2% lower than those offered in the capital market. Interest rates are fixed throughout the loan term, which usually does not exceed 12 years but may range to 20 years. 6 In addition, a grace period for loan repayment can be granted for as much as 5 years. In Spain, grants or loans of as much as 30% of capital cost are available from the Institute for Energy Diversification and Conservation. 7 Portugal provides interest-free loans for all renewables generation, amounting to 40% of the total capital and development costs. No repayment is required for 3 years, with full repayment in 9 years.
Green Investment Fund Programs provide another mechanism to raise capital from mostly private investors at below-market rates for renewables projects. Under a program operating in the Netherlands, the government makes interest and dividends from investments in "green" projects tax exempt. This makes it possible for yields from green investments to be lower than competing non-green investments while remaining attractive to investors. The fund is able to provide loans for renewable-electric generation projects at 1% below market rates. In 1997, private lenders in the Netherlands placed a total of $265 million (U.S.) into green projects, e.g., renewable power technologies. These programs are available in several countries including the Netherlands, Denmark, Sweden, and Germany. 8 Tax incentives are also a means of effectively reducing costs. For example, most E.U. member countries provide for a reduced, valueadded tax on electricity produced from renewable energy resources or for reductions in the energy taxes levied on power plants due to their CO 2 emissions. Other forms of country-specific tax incentives include:
• Greece-tax deductions of as much as 100% for cost of purchasing and installing renewable capacity, higher depreciation rates, lower social security contributions, and favorable tax rates for renewable energy technologies.
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• Italy and Denmark-tax exemptions for investments in certain types of renewable energy technologies.
• Portugal-reduced value-added tax and other tax deductions for renewables equipment. 10 The European Commission is also considering flexible depreciation of renewable energy investments and favorable tax treatment for third party financing of renewable energy projects.
Production Incentives: Governmentmandated feed-in or buy-back rates and competitive-market bidding are the two most widely used mechanisms by E.U. member countries to stimulate deployment of renewableelectric generation.
Renewable energy feed-in rates (in Germany, the renewable energy feed-in tariff or REFIT), are government-set purchase prices, usually expressed as a fixed percentage of the retail electric price, which all utilities must pay for electricity produced from qualifying renewable energy facilities. Moreover, in some countries the feed-in laws obligate electric utilities to provide renewable-generation technologies access and interconnection to the grid system. Several E.U. member governments have enacted preferential feed-in rates that range as high as 90% of the average retail consumer electricity price 11 (see Appendix C for more detail). Considering that the retail price of electricity in most E.U. countries is significantly higher than in most of the U.S., it is evident that these rates provide producers an incentive to promote growth in renewable generation. The combination of guaranteed markets, profitable feed-in rates, and, where applicable, grid access, reduces project financing uncertainties and risk, thus making these much more attractive to potential developers and investors.
Germany and Denmark are good examples of nations where this approach has been successful in driving wind energy development. In Germany, wind energy generators receive 90% of the government-set price of electricity. In 1997 the average feed-in rate for wind-generated electricity was 0.1721 DM/kilowatt-hour (kWh) (U.S. $0.10/kWh). In Denmark, the feed-in rate for wind generators is set at 85% of the price of electricity to consumers. This rate includes a production subsidy and partial energy tax offset payment. The average rate received by wind generators in 1997 was DKr 0.58/kWh (U.S. $0.09). 12 These rates are for the life of the project.
Other examples of feed-in rates and conditions established in E.U. countries include:
• Italy-for wind-generated electricity, $0.10/kWh for an 8-year period. For biomass/PV generated electricity, $0.15/kWh for an 8-year period. These figures were for projects accepted through 1997.
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• Spain-for biomass-generated electricity, $0.07/kWh for 5 years. For wind/PVgenerated electricity, $0.08/kWh for 5 years.
In November 1997, a new and more liberal law (54/1997) was put into place setting all renewable feed-in rates (starting in late 1998) between 80% and 90% of the average electricity price.
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• Portugal-$0.07/kWh for all renewables during an 8-year period.
• Greece-as much as $0.06/kWh for all renewables during a 10-year period.
• Austria-for wind/PV-generated electricity, between $0.03 and 0.08/kWh. For biomassgenerated electricity, $0.03-0.07/kWh, with actual rate depending on the season.
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• Sweden-$0.032/kWh for all renewables. Also, an environmental bonus ($0.018/kWh) is paid to small wind projects (< 100 kW). 16 The somewhat lower rates in countries such as Greece and Sweden have proven less effective as a means of stimulating renewables. 17 However, rates for biomass in Austria, also not the highest offered in the union, have proven profitable enough to be a successful incentive to the deployment of this particular technology. In general it is important that, besides being high enough to provide a profit incentive, rates must also be guaranteed for a long enough duration to provide investors with an acceptable return on investment. 18 Competitive-market bidding represents the second most popular mechanism for stimulating the production of electricity from renewable energy sources. Regulators specify the capacity block (MW) and the maximum (premium) price per kWh, and the renewable electricity project developers submit competitive price bids, within a technology band, for contracts. Successful project bidders are guaranteed their bid price for a specified period, typically 15 years. The difference between the bid and market reference price is subsidized by a national levy on fossil fuels.
The United Kingdom's Non-Fossil Fuel Obligation (NFFO) is one example of this approach and is the main policy instrument in the United Kingdom for pursuing the development of renewable-electric generation capacity. From the program's beginning in 1990-1998, more than 500 MW (representing nearly three-quarters of the installed non-hydro renewables capacity base) has been developed through this process. 19 The NFFO appears to be on schedule to meet its goal of deploying an additional 1,000 MW of renewable capacity by 2000, 20 and between 1990 and the first quarter of 1997, $650 million was devoted to this program. 21 It is important to note, however, that the NFFO is not without significant transaction costs. There is also evidence that it may encourage competing projects to bid below cost (in order to capture contracts), with the result that successful bidders are unable to meet the terms of the bid or end up insolvent. Comparable forms of the NFFO are also used in Northern Ireland, Scotland, and France.
Public Education: Education programs seek to increase the public's understanding of renewables technologies and encourage energy providers to disclose renewable energy information. At the E.U. level, promotion of renewables has been supported by the Altener program, which provides 30%-50% of eligible costs for selected projects. Eligible actions include studies and technical evaluations to assist in defining standards/ specifications and training and consumer information activities. A total of ECU 40 million ($46 million U.S.) was available for the period 1993-1997. A successor, Altener II, has been approved with a budget of ECU 30 million ($35 million U.S.) for the first 2 years. Included among the measures to be supported under Altener II are consumer information dissemination and exchange.
Education campaigns, which also occur within individual member countries and in various media forms, are directed toward different target groups. 22 In the Netherlands, renewable energy education is part of a broader environmental awareness campaign. In Austria, renewable energy education occurs in schools and universities. In Finland, renewable energy education is part of the strategic planning process for utility RD&D. Belgium is conducting public advertising campaigns. Renewable energy advice centers are available to the public in Germany and Greece, and a biofuels advice center is available in Portugal.
Most renewable-electric generation projects are locally owned in the E.U. member countries. For example, 70% of the wind projects in Denmark are owned by wind cooperatives whose membership is made up of local citizens who have made an investment in the wind facility. This contributes to a greater public understanding and appreciation of these technologies and their economic and environmental benefits.
IV. Summary Observations
The E.U. and member countries are committed to increasing the proportion of electricity generated by non-hydro renewables. During this decade, rapid growth has been achieved by applying a portfolio of policy incentives (see Appendix D) that ensures renewable-electric generation technologies are used-above and beyond the limits dictated by purely market considerations. As a result, the E.U. is on a path to becoming the world leader in renewable-electric technologies use. Examination of the policy incentives responsible for this momentum yields the following observations: 
